Abstract. The ISEE-3 plasma wave instrument detects associated bursts of electron plasma oscillations and whistler mode waves at an average rate of event one every two days. The plasma wave measurements give the electron number density, and simultaneously measured E and B amplitudes are used to deduce an index of refraction consistent with whistler mode propagation for the measured number density and magnetic field. Burst durations are a few minutes, with some trains of bursts lasting up to an hour. Individual spectral scans (two per second) reveal that the whistler and plasma wave amplitude-time profiles differ within a burst. Peak plasma wave amplitudes are near one mV/m, and the peak whistler mode energy density exceeds that of the plasma oscillations by about a factor 100. The frequency of the whistler mode wave observed in one well diagnosed event agrees with the predictions of the heat flux whistler instability theory. The associated plasma wave instability probably requires a bump-on-tail feature in the heat flux electron component, possibly due to impulsive heating elsewhere on the field-line connecting to ISEE 3.
Introduction
The plasma wave instrument on ISEE-3 has detected a new plasma wave phenomenon in the solar wind. We will show that short bursts of high frequency electron plasma oscillations and low frequency whistler mode waves are often closely associated with one another. The possible interactions between different wave modes, such as between electron plasma oscillations and ion acoustic waves, have been of considerable general interest. However, to our knowledge, an association between plasma and whistler mode waves has received little theoretical attention in the past, and our detection of such an association in the solar wind was unexpected. Our preliminary judgment, based on detailed examination of whistler and plasma oscillation amplitudes at high time resolution, is that these waves may not be associated through direct wavewave coupling, but rather through sharing a common source of free energy for instability.
The ISEE-3 plasma wave instrument uses continuously active automatic gain control amplifiers to provide rapid high sensitivity measurements of the fluctuating electric fields in the range 10Hz-100kHz (two 16-channel spectral scans per second). Fluctuating magnetic fields in the range 0.3Hz-lkHz are sampled at a lower rate with an 11-channel analyzer. (See Scarf et al., 1978, for details). This instrument regularly records fluctuating electric fields in those frequency channels centered at 10, 17.8, and 31.1 kHz, the range of typical solar wind electron plasma frequencies, as well as in low frequency magnetic field filter channels centered at 17.8, 31.3, and 56.2 Hz, a plausible range for the whistler mode. Activity in these two frequency ranges is usually uncorrelated, and previous studies of electron plasma waves (Gurnett and Anderson, 1977) and whistler waves (Neubauer eta!., 1977)have considered them as such. In this paper we concentrate on those occasions when short bursts of activity in the two frequency ranges are associated with one another. In subsequent parts of this paper we will present observations at higher time resolution that show detailed burst-by-burst associations between the high frequency electric and low frequency magnetic field amplitudes. We then use the measured dc magnetic field, the plasma density, and the low frequency electric-to-magnetic field amplitude ratio on November 15, 1978 to identify the wave modes as high frequency electron plasma oscillations and low frequency whistler mode waves. We then compare the whistler and plasma oscillation energy densities at very high time resolution. We close with a discussion of some implications of these observations.
Detailed Associated Between High and Low
Frequency Noise Bursts Two a•sociated whistler-plasma oscillation bursts.
Shown here are peak and average electric and magnetic field data for two 8-hour periods containing the events of interest which are identified by arrows. The 16 logarithmically-spaced electric field channel outputs are at the top and the 4 low frequency magnetic channels at the bottom of the right and left inserts. The amplitude scale is logarithmic in telemetry units. The plasma density on November 14, 1978 was sufficiently low that both the electric and magnetic components were above threshold; they will be displayed in greater detail in Figure 3 . magnitude in amplitude above background in about a minute, and it is clear that they occur simultaneously with bursts of low frequency magnetic noise. Three such bursts occur between 1348 and 1352. We will present even higher time resolution data for the last two of these in Figure 4 .
Identification of Wave Modes
The ion density reported on the ISEE 3 common data pool tape was about 1.9/cm 3 at 13.49 UT and 13:54 UT on November 14, 1978. Assuming charge neutrality, this would imply a plasma frequency fpe •-12.4 kHz. Within the uncertainty of measurement, we conclude that the waves detected in the 10 (+ 15%) kHz channel were electron plasma waves. Similarly, the ion density near 1400 UT on February 15, 1974 was about 13/cm 3, implying a plasma frequency of 32.5 kHz, consistent with the noise burst observed at 31.1 kHz. We believe that the high frequency components of all of the other 110 noise bursts (usually detected at 17.8 or 31.1 kHz, and once at 10 kHz) were also electron plasma waves. which the plasma density-dependent interference in the low freqQency electric field channels was weak enough to permit an unambiguous measurement. We can find the magnetic-to-electric field ratio, and thus, the index of refraction, from these data. Individual B/E ratios were determined from individual peak electric and magnetic field amplitude We note that the whistler and plasma wave amplitudes do not correlate in detail on the shortest time scale available to us, but that the bursts are associated on a scale of tens of seconds. The peak whistler magnetic field energy density exceeds the peak plasma wave electric field energy density by about a factor 100, although near 1351 UT, the two were comparable for a few seconds. Note that the plasma oscillation electric field energy density drops twice by more than five orders of magnitude in about a second, just before 1351 UT, and just after 1352 UT.
Discussion
The dissimilarity of the whistler and plasma oscillation amplitude profiles on short time scales, and yet their clear association with one another in bursts, suggest that the whistler and plasma waves may not be directly non-linearly coupled, but rather share a common highly variable source of free energy for linear instability. The following discussion is based upon this assumption. Here we examine at 1/2-second time resolution the electron plasma oscillation energy density, calculated using a 2.5 kHz bandwidth, and the whistler wave magnetic energy density, using the measured index of refraction and the electric amplitude, assuming a bandwidth of 40 Hz. The threshold set by interference in the 31.1 Hz electric field channel is shown by the horizontal bars. lhe peak whistler magnetic energy density exceeds the peak plasma wave electric field energy density by about a factor 100. The scale shown gives logarithm to the base 10 of the energy density. Whistler and Plasma Wave Burst model becomes unrealistic for steady state heat fluxes, which need not have a positive slope in the parallel velocity distribution. However, impulsive heating elsewhere in the field line connecting to ISEE 3 could lead to a short-lived bump on tail by a time-of-flight effect, in which faster electrons arrive at the spacecraft first. The observed burst durations then suggest that the impulsive heat source could be located a few tens to hundreds of earth radii from ISEE 3. Confirmation of this speculative argument awaits more detailed examination of the electron velocity distribution and the small-scale solar wind morphology associated with each event. ISEE 1, 2, 3 comparisons can also help to distinguish between spatial and temporal variations in conditions for generating the instability.
Summary
The ISEE 3 plasma wave instrument detects associated bursts of electron plasma waves and whistlers, of typical duration of a few minutes, at an average rate of one every two days.
The whistler and plasma wave amplitude profiles are dissimilar on short time scales within the burst. The peak whistler energy density exceeds the peak plasma wave energy by about a factor 100. The plasma wave amplitude can drop 5 orders of magnitude in a second.
In the one case examined in detail, the frequency of the whistler observed agreed with the electron heat flux instability predictions of Gary and Feldman (1977) .
The associated electron plasma waves could be a signature of impulsive electron heating on the magnetic field line connecting to ISEE 3.
